levels affect cognitive function in the non-demented elderly.
Recently, neurophysiological methods have been developed to evaluate cognitive function. P300 is the major component of event-related potential ERPs measured using electroencephalograph. P300 component has a maximal positive waveform that appears approximately 300 msec after sensory stimulation given. P300 is considered a manifestation of central nervous system activity involved in the processing of new information when attention is engaged to update memory representation 22 . P300 has two components: latency and amplitude. Latency is considered to reflect cognitive processing speed, while amplitude is linked to the amount of attentional resources engaged in task completion. P300 latency is prolonged and P300 amplitude is generally decreased with aging 23, 24 , suggesting that P300 measurements can be used to evaluate cognitive function in healthy elderly participants. Studies have reported that the supplementation with 240 mg/day ARAcontaining oil improved P300 latency and amplitude 14 , while sardine oil, including 491 mg/day of EPA and 251 mg/ day of DHA, did not influence P300 components in elderly Japanese men 25 . Thus using P300 measurement is considered suitable for the evaluation of cognitive function in healthy elderly participants.
The purpose of this study was to evaluate the effects of low doses of LCPUFA supplementation, corresponding with dietary intake, on cognitive function in non-demented elderly participants. We examined the effect of 300 mg/day of DHA, 100 mg/day of EPA, and 120 mg/day of ARA on P300 components in elderly Japanese men. To detect the effects of low doses of LCPUFA, we carefully surveyed dietary LCPUFA intakes and the other lifestyle factors affecting P300 components, and removed these effects on P300 components.
EXPERIMENTAL 2.1 Study design
A randomized, double-blind, placebo-controlled, parallel group intervention trial was designed to evaluate the effects of low doses of LCPUFA supplementation on cognitive function in non-demented elderly Japanese men. This study was performed from February 2012 to August 2012 at a medical facility in Chuo-ku, Tokyo, Japan. Participants were recruited in Tokyo and its environs. Physical height and weight and physiological blood pressure and pulse rate parameters, and blood and urine were sampled at the time of recruitment starting in February-March 2012. Four hundred and thirteen participants were screened, and 115 were randomly allocated to the placebo or LCPUFA group. Participants received capsules with purified olive oil placebo or LCPUFA-containing oil including ARA, DHA, and EPA for 4 weeks during May-July 2012. The Mini-Mental State Examination MMSE 47 and Beck Depression Inventory-Second Edition BDI-II 48 were used for screening as described below. Blood and urine were sampled after an overnight fast, physical and physiological parameters were measured, and ERPs were recorded at the screening period, baseline, and 4 weeks after the supplementation period. Fatty acid contents in plasma phospholipids were measured at the same time. Dietary fatty acid intake and mood states were assessed at baseline and 4 weeks after the supplementation period. Blood hematological and biochemical parameters were also measured, and a study diary was distributed and collected. Participants were instructed not to change their daily living habits such as diet, medicine, physical activity, alcohol, smoking, and sleep from before the present study. Participants were requested to maintain their typical lifestyle in the 2 days before P300 measurements at baseline and at 4 weeks after the supplementation period. The required sample size 110 participants was calculated based on our preliminary study. Ninety participants 45 participants in each group in the per-protocol analysis would have 85 power at a 5 level of significance to detect differences in P300 latency changes between groups. The Ethics Committee on Human Experimentation of Suntory Holdings Ltd. approved the study protocol, which conformed to the principles set forth in the Declaration of Helsinki. Written informed consent was obtained from all participants.
Randomization and allocation
Enrolled participants were assigned in a 1:1 ratio based on a random number table to one of the two masked supplements: placebo or LCPUFA. Then, it was confirmed that 7 factors ARA and DHA composition in plasma phospholipids, age, education, occupation, drinking, and smoking were distributed almost equally. The randomization codes for these participants and the codes for masked supplements were held by 2 different persons who were not involved in this study. Information about these assignments was masked to researchers until all data were collected and analyzed.
Participants
Japanese male participants aged 55-64 years who were right-handed and had observable P300 were eligible to participate. Exclusion criteria were as follows: hearing loss; dementia or suspicion of dementia MMSE score 24 ; depression or suspicion of depression BDI-II score 16 ; a history of neurological disorder or serious disorders such as cardiovascular disease, diabetes, cancer, asthma, and clinically significant systemic diseases; an allergy to gelatin or olive oil; an irregular lifestyle such as shift work; a history of measurement of ERPs using an auditory oddball paradigm; consumption of drugs or supplements that affect the efficacy evaluation such as lipid metabolism or brain function; and a higher ARA level in plasma phospholipids ARA content higher than 10 . This criterion for ARA level was set to evaluate cognitive function properly without the effects of ARA level in plasma phospholipids, according to our previous study 26 .
Experimental supplement
Experimental supplements in this study were purified olive oil and LCPUFA-containing oil. Fatty acid compositions of these supplements are shown in Table 1 . The LCPUFA group consumed 1,033 mg/day of LCPUFA-containing oil in 6 soft gelatin capsules, in which 300 mg of DHA, 100 mg of EPA, and 120 mg of ARA were included as free fatty acid equivalents. The dose of LCPUFA was designed to be in a range of that from normal daily diets in elderly Japanese 27 . The same amount of purified olive oil was administered in the placebo group. Participants were asked to take 6 capsules at the same time after their first meal for 4 weeks. We checked the compliance of the capsule intake by the study diary.
Outcome assessments
The primary outcome in this study was the change in cognitive processing speed, assessed by P300 latency. The secondary outcomes were P300 amplitude, LCPUFA DHA, EPA, and ARA content in plasma phospholipids, dietary LCPUFA DHA, EPA, and ARA intake, and mood states assessed by the Profile of Mood Status POMS . Safety was assessed based on side effects supplement-related adverse effects ; the incidence of adverse events in both groups was reported throughout the 4-week supplementation period, along with changes in physical, physiological, hematological, biochemical parameters, and urinalysis.
P300 measurements
ERPs were measured using auditory discrimination tasks according to the evoked potential measurement guidelines 
established by Evoked Potential Examination Standards
Committee of the Japanese Society of Clinical Neurophysiology as described previously 14 . Auditory ERPs were obtained using an oddball paradigm. Infrequent 20 target tones 2 kHz 60 dB sound pressure level were presented randomly among frequent 80 standard tones 1 kHz 60 dB sound pressure level . The tone duration was 100 msec, with a rise and fall time of 10 msec. The average interstimulus interval was 2 sec range 1.6-2.4 sec and total number of tones was 250 target 50, standard 200 . Participants were instructed to count silently the number of target tones, and to push a button quickly and accurately when they heard them. After P300 measurement, the participants were asked to report the number of target tones they counted, which we checked as the task performance. P300 measurements were performed by clinical laboratory technicians who were masked to treatment group.
The electroencephalogram EEG was recorded from electrodes AP-C151-015, Digitex Lab. Co., Ltd. Mitaka, Japan placed at midline frontal Fz , vertex Cz , and midline parietal Pz , according to the international 10-20 system. The EEG was recorded and filtered from 0.05 Hz to 100 Hz, using linked electrodes at the earlobes as the reference. The electrooculogram EOG was recorded from electrodes placed above and below the eyelids. The EEG and EOG were sampled at a rate of 1 msec per point. The EEG was averaged off-line for a period of 1,000 msec, beginning 100 msec prior to the stimulus onset. The baseline was corrected to the mean value of the voltage during a period of 100 msec prestimulus. Trials were rejected if at any point during the averaging epoch the voltage exceeded 100 μV in the EOG and EEG due to eye blinking and body movement. The first 20 artifact-free responses in 50 target stimuli were used; however the first 3 responses from measurement onset were excluded, and the 20 remaining measurements were averaged to obtain the individual ERP waveform. Both P300 latency and amplitude at Pz were measured as the most positive voltage sampled in the latency range of 250-450 ms after stimulus onset.
Fatty acid analysis
Blood were centrifuged at 1,470 x g for 10 min, and the plasma samples were stored at 80 before fatty acid analysis. Lipids extraction, purification, and fatty acid analysis were performed as described previously 14, 28 . In brief, lipids in plasma were extracted and purified by the method of Folch et al. 29 . Each lipid fraction was separated by thinlayer chromatography and incubated with an additional internal standard pentadecanoic acid in methanolic HCl at 50 for 3 h for transmethylation of fatty acid residues. Fatty acid methyl esters were extracted with n-hexane and analyzed by capillary gas-liquid chromatography Agilent 6890, Agilent Technologies, Santa Clara, CA, USA .
Dietary assessment and study diary
Dietary assessment was performed according to a previous study 30 . Dietary habits during the preceding month were assessed using the brief self-administered diet history questionnaire BDHQ 31 . Dietary intake including DHA, EPA and ARA was estimated using an ad hoc computer algorithm for the BDHQ based on the Standard Tables of Food Composition in Japan. Participants were asked to keep a record in the study diary throughout the study.
Statistical analysis
As defined by the protocol, the efficacy assessment was performed with the per-protocol analysis. Exclusion criteria for the per-protocol analysis were as follows: a change in dietary LCPUFA intake between baseline and 4 weeks after supplementation 3 times larger than the amount of LCPUFA supplementation ; inability to obtain an EEG analysis eg, a noise in EEG, a shortage of artifact-free responses, or an inappropriate task implementation ; an event or action affecting the P300 components such as an unexpected outside noise during ERP recording, a sleep state or sleepiness of the participant during ERP recording; or a change in smoking, exercise, medicine, disease, or incorrect fasting condition between baseline and 4 weeks of supplementation before ERP recording . Safety assessment was performed with the intention-to-treat ITT analysis. Data are shown as mean standard error SE . Baseline data between the groups were compared by unpaired student s t-test for quantitative variables or by chi-square test for qualitative variables. A change from baseline to 4 weeks after supplementation in each group was compared by paired student s t-test. Comparisons of changes between groups were performed by unpaired student s t-test. The incidence of adverse events between groups was compared by chi-square test. For all tests, p-values less than 0.05 were statistically significant. Figure 1 shows the participant flow diagram. A total of 413 participants were screened; 115 participants were enrolled and randomly allocated to the placebo n 58 or LCPUFA n 57 groups. One participant in each group withdrew consent before the supplementation. The ITT population placebo, n 57 and LCPUFA, n 56 was used for the safety assessment. The per-protocol population placebo, n 39 and LCPUFA, n 30 was used for the efficacy assessment. Participants were excluded from the perprotocol analysis for the following reasons: a change of dietary LCPUFA intake between before and after supplementation n 12 ; inability to achieve EEG analysis n 6 ; and an event or action affecting the P300 components n 26 . According to the study diary, mean capsule intake for the experimental period were 100.0 in the per-protocol population. Baseline characteristics of both groups in the per-protocol population are shown in Table 2 . The placebo and LCPUFA groups were matched for age, height, bodyweight, body mass index, education, occupation, alcohol consumption, smoking status, LCPUFA DHA, EPA, and ARA composition in plasma phospholipids, and LCPUFA intake from daily diets. Table 3 shows P300 latency and P300 amplitude in both groups. The P300 latencies at baseline in the placebo and LCPUFA groups were 331.9 6.1 msec and 339.9 6.1 msec, respectively, with no significant difference between groups. P300 latency at 4 weeks in the placebo group was prolonged significantly by 13.6 msec p 0.003 vs at baseline , while that in the LCPUFA group was shortened by 1.8 msec compared with baseline, but changes were not significant. Changes in P300 latency after 4 weeks supplementation differed significantly between groups p 0.013 . With regard to the P300 amplitude, no significant differences were found between groups or between before and after supplementation. There were no significant differences in the task performance the number of the target tones reported by the participants after P300 measurement between the groups or between before and after supplementation data not shown .
RESULTS
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in Table 4 . DHA, EPA, or ARA content at baseline did not differ between groups. The DHA and ARA composition in the LCPUFA group was significantly increased from 7.0 0.3 at baseline to 7.9 0.3 at 4 weeks p 0.001 , and 8.5 0.2 at baseline to 9.1 0.2 at 4 weeks p 0.001 , respectively. The DHA and ARA contents in the placebo group remained unchanged during supplementation. In addition, the change in the DHA content differed significantly between groups p 0.010 , and the change in the ARA content in the LCPUFA group also tended to be larger p 0.096 than that in the placebo group. As for the EPA content in plasma, there were no significant difference between groups or between before and after supplementation. Fatty acid intakes from daily diets are shown in Table 5 . With regard to DHA, EPA, and ARA intakes, no significant differences was found between groups or between before and after supplementation. Changes in these intakes did not differ between groups. Mean SE. FA, fatty acid; LA, linoleic acid; ALA, a-linolenic acid; ARA, arachidonic acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid.
Safety
The safety assessment was performed with the ITT population. No side effects were observed. There was no significant difference p 0.636 in the incidence of adverse events between the placebo group 17.5 and the LCPUFA group 14.3 . For biochemical parameters, the change of alanine aminotransferase was significantly larger in the LCPUFA group 1.7 IU/L than in the placebo group 0.2 IU/L . Changes of the other parameters in physical, physiological, blood hematological, biochemical parameters Supplement Table 1 and urinalysis were not different between groups although minor changes, within a normal range, between before and after the supplementation in some parameters were observed.
DISCUSSION
It has been reported that supplementation with DHA/ EPA or ARA improved cognitive function in the elderly 11 14 . However, it was unclear if low doses of LCPUFA supplementation corresponding to general dietary intake level can improve cognitive function. We performed a randomized, double-blind, placebo-controlled, parallel group intervention trial in elderly Japanese men and confirmed the efficacy of low doses of LCPUFA 300 mg/day of DHA, 100 mg/day of EPA, 120 mg/day of ARA supplementation for 4 weeks on cognitive function using P300 components. This is the first report to show that low doses of LCPUFA supplementation corresponding to daily dietary intake have a positive effect on cognitive function in non-demented elderly. These findings suggest the potential of low doses of LCPUFA supplementation to improve cognitive function and also the importance of the amount and balance of low doses of dietary LCPUFA.
Mean amounts of DHA, EPA, and ARA intake from daily diets at baseline were 543 mg/day, 329 mg/day, and 156 mg/day respectively, and were consistent with a previous report for Japanese elderly DHA, ca. 620 mg/day; EPA, ca. 350 mg/day; and ARA, ca. 170 mg/day 27 . The LCPUFA intake of participants in the present study can be regarded as that of the typical Japanese elderly. It was also confirmed that the dose of LCPUFA supplementation in the present study was on-target and in a range of that from daily diets.
Significant increases in DHA 0.9 and ARA 0.6 contents in plasma phospholipids were observed in the LCPUFA group, although no significant changes were observed in the placebo group. The amounts of increases in DHA and ARA contents in plasma phospholipids are considered within a reasonable range, because the increase of DHA content was shown to be 3.2 with 900 mg/day of DHA supplementation 11 and the increase in ARA content was shown to be 0.7 and 2.5 with 80 mg/day and 240 mg/day of ARA supplementation, respectively 30, 32 . On the other hand, there were no significant changes in DHA, EPA, or ARA intake from daily diets between baseline and 4 weeks after supplementation in each group. These data suggest that the increases of plasma LCPUFA are caused by LCPUFA supplementation.
P300 has 2 components: latency and amplitude. The latency is considered to reflect cognitive processing speed, while the amplitude is linked to the amount of attentional resources engaged in task completion 22 . In the present study, changes in P300 latency were 13.6 msec in the placebo group and 1.8 msec in the LCPUFA group, and were significantly different. The difference in changes between groups was 15.4 msec, and was comparable to the effects of various treatments reported previously, such as exercise for 12 months 11 to 23 msec 33 , 120 mg/day of gingko extract for 8 weeks 32 msec 34 , and 240 mg/ day of ARA for 4 weeks 12 msec 14 in healthy elderly participants. These data suggest that the difference in P300 latency in the present study was physiologically meaningful. P300 latency at 4 weeks in the placebo group was significantly prolonged by 13.6 msec compared with baseline. Since this increase was larger than age-related increase in P300 latency ca. 1 msec/year 24 , aging during 4 weeks in the present study could not cause the increase of P300 latency. It was considered that placebo oil purified olive oil was not the factor because we had confirmed that the olive oil did not change the P300 latency in Japanese elderly 14 . Another possibility is the repeated measurement of P300. It was reported that three times and more measurement of P300 increased the latency in the elderly 34 , although there were several reports that repeated measurement did not influence the latency in young adults 49 51 . In fact, we set the repeated measurement of P300 measurements at the screening, baseline and 4 weeks after the supplementation in the present study. Although an obvious reason was not defined, the repeated measurements might be one of the reasons for the increase of P300 latency in both groups.
The efficacy of LCPUFA on P300 amplitude, a secondary outcome, was not observed in the present study. Supplementation of 240 mg/day of ARA was effective on P300 amplitude 14 , but no effects on P300 amplitude were observed with 491 mg/day of EPA and 251 mg/day of DHA or EPA 193 mg/day and DHA 92 mg/day containing phospholipids 25 . Although further studies are needed, the effect of LCPUFA on P300 amplitude might be limited.
Compared with previous studies, a low dose of DHA/EPA seemed to be not enough to improve cognitive function in non-demented elderly. While high doses 0.9-2.5 g/day of DHA/EPA supplementation improved cognitive function in healthy elderly 11 13 , low doses 0.3-0.7 g/day of DHA/EPA did not affect it 25, 35 38 . In terms of the P300 components, 491 mg/day of EPA and 251 mg/day of DHA did not improve P300 components 25 . Although the dose of LCPUFA 300 mg/day of DHA, 100 mg/day of EPA, 120 mg/ day of ARA used in the present study was much lower than the effective doses reported previously, a significant effect was observed in P300 latency. It is difficult to draw a firm conclusion based on these contrasting results, but the various results may be due to differences in the dose and combination of DHA, EPA, and ARA or the supplementation period in each study. However, the present results suggest that the efficacy in low doses might be caused by the combination of DHA and ARA. In fact, plasma LCPUFA contents were increased in DHA and ARA, but not EPA in this study. The importance of ARA is consistent with the report indicating that ARA was effective on P300 components in healthy elderly 14, 26 . On the other hand, another study showed that EPA 193 mg/day and DHA 92 mg/day containing phospholipids supplementation for 12 weeks improved the P300 latency in elderly Japanese 25 . However, this efficacy was considered to be caused by the unique combination of EPA and phospholipids, because these doses of EPA and DHA were too low to increase blood EPA and DHA levels. Further studies are needed to clarify effects of low doses of individual, combination, or balances of LCPUFA, using DHA, EPA, and/or ARA.
It is interesting that how much of DHA/EPA and ARA intake is required to maintain cognitive function in the elderly. In this study, the efficacy of 300 mg/day of DHA, 100 mg/day of EPA and 120 mg/day of ARA supplementation on P300 latency was confirmed in elderly Japanese who took the average intake of LCPUFA from daily diets. In the previous studies, slightly larger amounts of LCPUFA supplementation 2.1 g/day of DHA/EPA 13 or 240 mg/day of ARA 14 compared to those from the diets were effective for cognitive function in elderly Japanese. These results suggest that the amount of LCPUFA intake enough to maintain cognitive function may be larger than that from daily diets. In addition, because an age-related decrease of DHA and ARA levels in the brain was observed in human 4, 5 , a sufficient intake of these LCPUFA may be expected to compensate for the decrease in the elderly. However, the adequate amount of individual LCPUFA intakes or combination/balances of these LCPUFA to maintain cognitive function have not been revealed yet. Further studies are expected to clarify them.
Since P300 components are changed in patients of dementia or Alzheimer s disease 40 , the potential of LCPUFA against dementia is interesting. However, the potential remains poorly understood because the participants in the present study were non-demented elderly men. Further clinical, epidemiological and pharmacological approaches are expected to clarify its potential against dementia or Alzheimer s disease.
There were some limitations to this study. First, approximately 40 of the allocated participants were excluded from the efficacy assessment. However, the strict exclusion criteria were essential to remove factors influencing the appropriate evaluation of effects of low doses of LCPUFA within a range of daily diet intake levels, and the exclusion criteria in the per-protocol analysis had been defined in the study protocol. Although the validity of these results was necessarily decreased compared to the intent-to-treat analysis, the reliability of the present results was considered to be maintained. Second, participants in this study were only Japanese men. With regard to gender, P300 latency was shown to not be affected by gender 39, 40 , and blood DHA, EPA, and ARA levels in elderly men and women have been shown to be similar 27 . These data suggest that gender might have only a small effect in the present study. However, differences in region or race should be considered, such as the amount of fatty acid intake from daily diets. The dietary intakes of DHA and EPA in Japanese are higher than those in Western countries 15 . Further studies are necessary to clarify the effect of LCPUFA supplementation on P300 components in other countries. Third, the present results were only from participants whose ARA contents in plasma were not high 10 . This exclusion criterion was set because it has been shown that elderly men with higher ARA levels might be difficult to show a response to ARA supplementation on the P300 evaluation 26 . However, ARA content of participants in the present study was 8.7 and was in the normal range of Japanese elderly 6.4 41 , 7.3 42 , 8.3 30, 43 , and 10.4 44 in serum/plasma phospholipids . These data suggest that the participants in the present study were not selected from a limited and special population but represent a general population of Japanese elderly men.
In terms of safety, changes in physical, physiological, blood hematological, and biochemical parameters were not significantly different between groups from before and after supplementation, except for alanine aminotransferase levels. Changes in this parameter were minor and within the normal range. No side effects were observed, and there was no significant difference in the incidence of adverse events between groups. In addition, no significant changes in the ratio of EPA and ARA EPA/ARA in plasma were observed in both groups in per-protocol population Table 4 and ITT population data not shown , although blood EPA/ ARA was reported to correlate with the risk for cardiovascular disease 45, 46 . Thus, LCPUFA supplementation in the present study is considered safe under the conditions described here.
CONCLUSION
In conclusion, the efficacy of the LCPUFA 300 mg/day of DHA, 100 mg/day of EPA, and 120 mg/day of ARA supplementation on P300 latency in elderly Japanese men was confirmed under these study conditions. These results suggest that low doses of LCPUFA supplementation, corresponding to general dietary intake levels, have the potential to improve cognitive function in elderly Japanese men.
